Introduction 35
Many of the sounds in our environment are periodic, and the rate at which such 36 sounds repeat is known as their fundamental frequency, or F0. We perceive the F0 of 37 a sound as its pitch, and this tonal quality is one of the most important features of our 38 listening experience. The way that F0 changes encodes meaning in speech [1] and 39 musical melody [2] [3] [4] . The F0 of a person's voice provides a cue to their identity [5-40 7] and helps us attend to them in a noisy environment [8] [9] [10] . 41
The vocal calls of non-human animals are also often periodic, and pitch is 42 believed to help them to identify individuals and interpret communication calls 43 [11, 12] . Many mammalian species have been shown to discriminate the F0 of 44 periodic sounds in experimental settings [13] [14] [15] [16] [17] , and these animal models hold 45 promise for understanding the neural mechanisms that underlie pitch perception. 46
However, pitch acuity can differ markedly across species [16, 18] , raising the 47 possibility that humans and other mammals may use different neural mechanisms to 48 extract pitch. 49
The auditory cortex plays a key role in pitch processing, but it remains unclear 50 how cortical neurons carry out the necessary computations to extract the F0 of a 51 sound [19] . Neural correlates of F0 cues [20] [21] [22] and pitch judgments [23] have been 52 observed across auditory cortical fields in some species, while a specialized pitch 53 centre has been described in marmoset auditory cortex [24] . There is similar a lack of 54 consensus regarding the neural code for pitch in the human brain [25] . A better 55 understanding of the similarities and differences in pitch processing across species is 56 essential for interpreting neurophysiological results in animals and relating them to 57 human pitch perception. Although psychophysical experiments have demonstrated that humans can 78 extract F0 using either resolved harmonics or unresolved harmonics alone [33] [34] [35] , 79 pitch perception is generally dominated by resolved harmonics [34, 36] . Marmosets 80 can also use resolved harmonics to detect F0 changes [37] , whereas rodents (i.e. 81 gerbils and chinchillas) rely upon temporal periodicity cues [38] [39] [40] . Why resolved 82 harmonics are more important in humans is unknown, but this could relate to the 83 availability of pitch cues following cochlear filtering. The growing evidence that 84 cochlear bandwidths are broader in many other species [41] [42] [43] raises the possibility 85 that they might process pitch cues in different ways from humans. 86
The behavioural studies carried out to date are difficult to compare across 87 species. First, pitch in humans is defined as the percept through which sounds are 88 ordered on a scale from low to high [44] . By contrast, animal studies often measure 89 change detection in a go/no-go task, from which it is difficult to determine whether 90 they experience a comparable ordered pitch percept or whether they are responding to 91 a change in the perceived pitch as opposed to some aspect of timbre. A two-92 alternative forced choice (2AFC) task requiring "low" and "high" judgements 93 analogous to those used in human psychophysical tasks would better enable cross-94 species comparisons [16] , but has yet to be employed to examine the use of resolved 95 and unresolved cues in animals. Second, the spectral range of stimuli was not fully 96 controlled across F0 in previous studies (e.g. [16, 37] ), making it possible for animals 97 to base their behavioural choices on the lower spectral edge of the sounds, rather than 98 the sound's overall F0. Finally, most animal studies [17,37,40] have not directly 99 compared performance across human and non-human species on an equivalent task, 100 so differences in task demands might therefore account for any apparent species 101 7 differences. For example, the pitch difference thresholds of ferrets can differ by 102 orders of magnitude between a go/no-go and 2AFC task [45] . 103
The present study overcomes these limitations by directly comparing the pitch 104 cues used by humans and ferrets on a common 2AFC pitch classification task. We 105
first use a computational model to simulate the representation of periodic sounds in 106 the inner ear. The simulations generated predictions about the availability of 107 periodicity cues in the auditory nerve of each species. We then tested these 108 predictions by training ferrets and humans to classify the pitch of a harmonic complex 109 tone,. We find differences in their dependence on resolved and unresolved harmonics, 110 which can be accounted by differences in cochlear tuning between ferrets and 111 humans. 112
113

Results
114
Simulating the filtering of tones in the ferret and human cochlea 115
Humans are believed to have narrower cochlear filter bandwidths than ferrets and 116 other non-human animals [17, [41] [42] [43] [46] [47] [48] [49] , and these physiological constraints may 117 predispose them to rely on different acoustical cues to classify the pitch of complex 118 tones. Specifically, individual auditory nerve fibres are believed to respond to a 119 narrower range of frequency in humans than in ferrets, which should result in more 120 resolvable harmonics across the human tonotopic map. On the other hand, if the 121 bandwidth of an auditory nerve fibre is broader, its firing should phase lock more 122 strongly to the beating that results from adjacent harmonics, potentially providing a 123 stronger explicit representation of the temporal periodicity of F0 in ferrets than in 124 humans. 125 8 To investigate this hypothesis, we modified a standard model of the cochlear 126 filter bank [50] to simulate the representation of tones along the human and ferret 127 basilar membrane. The output of each cochlear filter was half-wave rectified, 128 compressed (by raising the rectified output to the 0.7 power), and lowpass filtered at 129 3kHz to simulate the transformation of basilar membrane motion into spiking output 130 in the auditory nerve. The existing literature guided the design of this model [50-52] 131 and parameters in the model were derived from either human psychophysics [41] or 132 ferret auditory nerve recordings [48] . 133
As shown in Figure 1B , the cochlear filters are wider for the ferret auditory 134 nerve than the human. In Figure 1C -E, we compare the human and ferret simulated 135 responses to a 500-Hz missing F0 tone complex that we used as a training sound in 136 our ferret behavioural experiment (described below). 137
When the instantaneous power of the cochlear filters is summed across the 138 duration of the sound and plotted as a function of centre frequency, the individual 139 harmonics of the tone are more clearly resolved in the human cochlea than in the 140 ferret ( Fig. 1C ). This takes the form of deeper troughs in the activation of nerve fibres 141 whose centre frequencies lie between the harmonic components of the sound. To 142 visualize the temporal representation of the same stimulus, we plotted the output of a 143 single nerve fibre (here, a fibre with a centre frequency of 5 kHz) throughout time 144 ( Fig. 1D ). In this case, the representation of the 500 Hz F0 is clearer in the ferret -the 145 human cochlea produces weaker temporal modulation because fewer harmonics fall 146 within the fibre's bandwidth. 147
We also examined whether the temporal representation of F0 was enhanced in 
Behavioural measures of pitch cue use in ferrets 165
To test the role of different pitch cues in ferret pitch perception, we trained five 166 animals on a two-alternative forced choice (2AFC) task that requires "low" and 167 "high" pitch judgements analogous to those used in human psychophysical tasks ( Fig.  168 2A,B). On each trial, a harmonic complex tone was presented at one of two possible 169 fundamental frequencies. Ferrets were given water rewards for responding at the right 10 nose-poke port for a high F0, and at the left port for a low F0. Incorrect responses 171 resulted in a time-out. We began by training four ferrets to classify harmonic complex 172 tones with an F0 of 500 and 1000Hz, with a repeating pure tone presented at 707Hz 173 (the midpoint on a logarithmic scale) for reference before each trial. Two of these 174 animals, along with one naïve ferret, were then trained on the same task using target 175 F0 values of 150 and 450Hz and a 260Hz pure tone reference. In both cases, the 176 harmonics of the low and high stimuli to be discriminated were matched in spectral 177 bandwidth, so that ferrets could not solve the task based on the frequency range of the 178 sound ( Fig. 3 ; left column). Rather, the animals had to discriminate sounds based on 179 some cue to the F0. After completing several pre-training stages to habituate the 180 animals to the apparatus and sound presentation (see Methods), the ferrets learned to 181 perform the pitch classification task within 22 ± 3 (mean ± standard deviation) days 182 of twice daily training. 183 11 184
Once the ferrets learned to perform this simple 2AFC task, we incorporated 185 "probe trials" into the task in order to determine which acoustical cues they were 186 using to categorize the trained target sounds. Probe trials made up 20% of trials in a 187
given session, and were randomly interleaved with the "standard" trials described 188 above. On probe trials, an untrained stimulus was presented, and the ferret received a 189 water reward regardless of its behavioural choice. This task design discouraged ferrets 190 from learning to use a different strategy to classify the probe sounds. 191
The inner ear is known to produce distortion in response to harmonic tones 192 that can introduce energy at the fundamental frequency to the basilar membrane 193 response, even for missing-fundamental sounds [53] . These distortion products could 194 in principle counter our attempts to match the spectral bandwidths of the sounds, 195 since they could cause the lowest frequency present in the ear to differ as a function 196 of F0. To determine if the ferrets relied on such cochlear distortion products to 197 classify tones in our task, we added pink noise to the stimulus on 20% of randomly 198 interleaved probe trials at an intensity that is known to be more than sufficient to 199 mask cochlear distortion products in humans [54, 55] . Ferrets performed more poorly 200 on probe trials than on standard trials (paired t-test; t = 4.346, p = 0.005), as expected 201 for an auditory discrimination task performed in noise. However, they continued to 202 perform the pitch classification at 71.85% ± 9.60% correct (mean ± standard 203 deviation) with the noise masker, which is well above chance (1-sample t-test; t = 204 6.025, p = 0.001). This suggests that ferrets did not rely on cochlear distortion 205 products to solve our task. 206
We next moved to the main testing stage of our behavioural experiment, 207 which aimed to determine if ferrets use resolved harmonics, temporal envelope 208 periodicity, or both of these cues to identify the F0 of tones. All tone complexes, both 209 the standard and probe stimuli, were superimposed on a pink noise masker. Our 210 auditory nerve model (above) allowed us to estimate which harmonics in the tone 211 complexes would be resolved in the ferret auditory nerve ( Fig. 4A) [56]. This analysis 212 suggests that our standard tones contained both resolved and unresolved harmonics 213 for ferret listeners, as intended. We constructed four types of probe stimuli based on 214 our resolvability estimates: (1) "Low Harmonic" tones containing only harmonics that 215 we expected to be resolved; (2) "High Harmonic" tones containing harmonics 216 presumed to be less well resolved; (3) "All Harmonics Random Phase" probes 217 containing the full set of harmonics present in the standard tone, but whose phases 218
were independently randomized in order to flatten the temporal envelope; and (4) 219 "High Harmonics Random Phase" stimuli with the same randomization of harmonic 220 phases, but containing only presumptively unresolved harmonics. The spectral ranges 221 of these stimuli are given in Figure 4B , and the spectra and audio waveforms 222
(showing the temporal envelope periodicity) of the 500 and 1000 Hz stimuli are 223 illustrated in Figure 3A . Ferrets were again given water rewards irrespective of their 224 behavioural choice on probe trials, in order to avoid reinforcing different pitch 225 classification strategies across probe stimuli. 226
227
The performance of ferrets on the standard and probe stimuli is shown in 228 Figure 5A . A repeated-measures 3-way ANOVA indicated that performance varied 229 with stimulus type (i.e., the standard and 4 probe stimuli) (F = 10.540, p = 0.003), but 230 not across subjects (F = 1.060; p = 0.391) or the two reference conditions (i.e., 260 231 and 707 Hz) (F = 0.438, p = 0.576). Scores did not significantly vary across 232 individual ferrets in either the 260 Hz (2-way ANOVA; F = 0.366, p = 0.704) or 707 233
Hz condition (2-way ANOVA; F = 2.063, p = 0.158), so data collected from the same 234 animals in these two conditions were treated as independent measurements. 235
236
To assess the acoustical cues used by animals to solve the pitch classification 237 task, we compared ferrets' performance on the standard trials with that on each of the 238 four probe trial types (repeated measures 2-way ANOVA, Tukey's HSD test). Ferrets 239 showed impaired performance on probes that contained only low harmonics (p = 240 0.001), but performed as well as on standard trials when only high harmonics were 241 presented (p = 1.000). Their performance was also impaired when we randomized the 242 phases of the high-harmonics (p = 0.002). Phase randomization also impaired 243 performance when the full set of harmonics (both resolved and unresolved) were 244 present (p = 2.173 x 10 -5 ). This pattern of results suggests that ferrets rely more 245 strongly on the temporal envelope periodicity (produced by unresolved harmonics) 246 than on resolved harmonics to classify the pitch of tones, unlike what would be 247 expected for human listeners. 248 249
Comparison of human and ferret pitch classification performance 250
Humans were trained on a similar pitch classification task to the one described for 251 ferrets in order to best compare the use of pitch cues between these two species. 252
Participants were presented with harmonic complex tones and classified them as high 253 or low. A training phase was used to teach participants the high and low F0s. 254
We tested human listeners using the same types of standard and probe stimuli 255 as in the final stage of ferret testing described above. As the pitch discrimination 256 thresholds of human listeners are known to be superior to those of ferrets [16], we 257 adapted the target F0s (180 and 220 Hz) and harmonic cut-offs for human hearing 258 ( Fig. 4) . The between-species comparison of interest here is therefore not the 259 difference in absolute scores on the task, but the pattern of performance across probe 260 conditions. 261
Human listeners also showed varied pitch classification performance across 262 the standard and probe stimuli (repeated-measures 2-way ANOVA; F = 36.999, p = 263 1.443 x 10 -15 ). However, a different pattern of performance across stimuli was 264 observed for human subjects (Fig. 5B ). Tukey's HSD tests indicated that human 265 listeners were significantly impaired when resolved harmonics were removed from 266 the sounds, as demonstrated by impairments in the "High Harmonic" probes with (p = 267 9.922 x 10 -9 ) and without (p = 1.029 x 10 -8 ) randomized phases. Conversely, no 268 impairment was observed when resolved harmonics were available, regardless of 269 whether the phases of stimuli were randomized ("All Harmonics Random Phase" 270 condition; p = 0.959) or not ("Low Harmonics" condition; p = 0.101). These results 271 are all consistent with the wealth of prior work on human pitch perception, but 272 replicate previously reported effects in a task analogous to that used in ferrets. 273
The performance for each probe type relative to performance on the standard 274 stimuli, is directly compared between the two species in Figure 5C . Here, a score of 1 275 indicates that the subject performed equally well for the standard tone and the probe 276 condition, while a score of 0 indicates that the probe condition fully impaired their 277 performance (reducing it to chance levels). This comparison illustrates the differences 278 in acoustical cues underlying ferret and human pitch classifications. As our model 279 simulations predicted, we found that while ferrets were impaired only when temporal 280 envelope cues from unresolved harmonics were disrupted, humans continued to 281 classify the target pitch well in the absence of temporal envelope cues, so long as 282 resolved harmonics were present. This was confirmed statistically as a significant 283 interaction between species and probe type on performance (repeated measures 3-way 284 ANOVA; F = 14.802, p = 3.412 x 10 -9 ). The two species thus appear to 285 predominantly rely on distinct cues to pitch. 286 287
Discussion 288
We used a combination of cochlear modelling and behavioural experiments to 289 examine the use of pitch cues in ferrets and human listeners. Our model simulations 290 illustrated how broader cochlear filter widths in ferrets result in fewer resolved 291 harmonics and a more enhanced representation of temporal envelopes than the human 292 cochlea. Based on this result, we predicted that the pitch judgments of ferrets would 293 rely more strongly on temporal envelope cues than that of human listeners. Our Our cochlear simulations suggest that harmonic resolvability is worse for ferrets 313 than human listeners, so they may conversely learn to rely more on temporal pitch 314 cues when estimating pitch from natural sounds, leading to poorer performance for 315 low harmonic tone complexes. Many non-human mammals are believed to have 316 wider cochlear bandwidths than humans [42,43,61,62], and so we might expect 317 temporal cues to dominate their pitch decisions as we have observed in ferrets. The 318 few studies to directly address F0 cue use in pitch judgments by non-human animals 319
have raised the possibility of species differences in pitch perception, but have relied 320 on go/no-go tasks that differ from standard psychophysical tasks used in humans. For 321 instance, studies in gerbils suggest that they primarily use temporal cues to detect an 322 inharmonic component in a tone complex [38, 39] . Chinchillas were similarly shown 323 to detect the onset of a periodic sound following a non-periodic sound using temporal, 324 rather than resolved harmonic, cues [40, 63] . While these studies did not explicitly 325 compare the use of resolved and unresolved pitch cues, they are consistent with our 326 findings regarding the importance of temporal cues in non-human species. 327
Marmosets, on the other hand, appear to use the phase of harmonic components to 328 detect changes in the F0 of a repeating tone complex only when resolved harmonics 329 are omitted from the stimulus [17, 37] . This suggests that temporal cues are only 330 salient for this species when they occur in unresolved harmonics. Similarly to 331 humans, marmosets were found to detect smaller changes in F0 when harmonics were 332 resolved than when only unresolved harmonics were available [37] . Comparable  333 studies have yet to be carried out in other non-human primates, so it remains unclear 334 whether primates are special in the animal kingdom in their dependence on resolved 335 harmonic cues. We note also that the behavioural task used in previous marmoset 336 experiments [17, 37] required animals to detect a change in F0, whereas the task 337 employed in this study required ferrets to label the direction of F0 changes. Ferrets 338
show an order of magnitude difference in pitch acuity on these two tasks [45], raising 339 the possibility that primates might as well. 340
The use of probe trials without feedback in the present experiment allowed us to 341 determine which acoustical cues most strongly influenced listeners' pitch judgements. 342
The ferrets relied predominantly on temporal cues under these conditions, but our 343 results do not preclude the possibility that they could also make pitch judgments 344 based on resolved harmonics if trained to do so. Indeed, although human listeners rely 345 on resolved harmonics under normal listening conditions, we can also extract pitch 346 from unresolved harmonics when they are isolated [34, 36, 57] . Our simulations show 347 that up to 8 harmonics are resolved on the ferret cochlea, depending on the F0 (Fig.  348   4A) . Consequently, if specifically trained to do so, one might expect ferrets to be able 349 to derive F0 from these harmonics using the same template matching mechanism 350
proposed for human listeners [27, 29] . It is also important to note that the relationship 351 between harmonic resolvability and auditory nerve tuning is not fully understood, and 352 nonlinearities in response to multiple frequency components could cause resolvability 353 to be worse than that inferred from isolated auditory nerve fibre measurements. 
EXPERIMENTAL SUBJECTS 387
Ferrets (Mustela putorius furo) 388
Five adult female pigmented ferrets (aged 6 -24 months) were trained in this study. 389
Power calculations estimated that 5 animals was the minimum appropriate sample 390 size for 1-tailed paired comparisons with alpha = 5%, a medium (0.5) effect size, and 391 beta = 20%. Ferrets were housed in groups of 2-3, with free access to food pellets. 392
Training typically occurred in runs of 5 consecutive days, followed by two days rest. 393
Ferrets could drink water freely from bottles in their home boxes on rest days. On 394 training days, drinking water was received as positive reinforcement on the task, and 395 was supplemented as wet food in the evening to ensure that each ferret received at 396 least 60 ml/kg of water daily. Regular otoscopic and typanometry examinations were 397 carried out to ensure that the animals' ears were clean and healthy, and veterinary 398 checks upon arrival and yearly thereafter confirmed that animals were healthy. The 399 animal procedures were approved by the University of Oxford Committee on Animal 400
Care and Ethical Review and were carried out under license from the UK Home 401
Office, in accordance with the Animals (Scientific Procedures) Act 1986. 402
Humans 403
The pitch classification performance of 16 adult humans (9 male, ages 18-53 years; 404 mean age = 25.3 years) was also examined, which provided a 60% beta in the power 405 i in the human cochlea was calculated as: 423
where f i is the centre frequency of the filter in Hz. 425
For the ferret cochlea, the equivalent rectangular bandwidth of each filter was 426 estimated using the following linear fit to the data in Sumner and Palmer [48] : 427
The output of each channel in the above Gammatone filter bank was half-wave 429 rectified and then compressed (to the power of 0.7) to simulate transduction of sound 430 by inner hair cells. Finally, the output was low-pass filtered at 3kHz to reflect the 431 spike rate limit of auditory nerve fibres. This model architecture is similar to that used 432 in previous studies (e.g. [51, 52] ). 433
Training apparatus 434
Ferrets were trained to discriminate sounds in custom-built testing chambers, 435 Technologies, Alachua, FL, USA). 447
Pre-training 448
Ferrets ran two training sessions daily, and typically completed 94 ± 24 trials per 449 session (mean ± standard deviation). Several pre-training stages were carried out to 450 shape animals' behaviour for our classification task. In the first session, animals 451 received a water reward whenever they nose poked at any of the spouts. Next, they 452 received water rewards only when they alternated between the central and peripheral 453 spouts. The water reward presented from the peripheral response spouts (0.3 -0.5 ml 454 per trial) was larger than that presented at the central start spout (0.1 -0.2 ml per 455 trial). The animal was required to remain in the central nose poke for 300 ms to 456 receive a water reward from that spout. targets, and left for low F0s). For all training and testing stages, the target tones 468 contained harmonics within the same frequency range, so that animals could not use 469 spectral cut-offs to classify the sounds. The target tone continued to play until the 470 animal responded at the correct peripheral spout, resulting in a water reward. Once the 471 animals could perform this final pretraining task with >70% accuracy across trials, 472 they advanced to pitch classification testing. 473
Testing stages and stimuli 474
The complex tone target was presented only once per trial, and incorrect peripheral 475 spout choices resulted in an error noise and a 10 s timeout (Fig. 2B ). After such an 476 error, the following trial was an error correction trial, in which the F0 presented was 477 the same as that of the previous trial. These trials were included to discourage ferrets 478 from always responding at the same peripheral spout. If the ferret failed to respond at 479 either peripheral spout for 14 s after target presentation, the trial was restarted. 480
The reference pure tone's frequency was set to halfway between the low and 481 high target F0s on a log scale. We examined ferrets' pitch classification performance 482 using two pairs of complex tone targets in separate experimental blocks: the first with 483
F0s of 500 and 1000 Hz (707 Hz reference), and the second with 150 and 450 Hz 484 targets (260 Hz reference). Four ferrets were trained on the 707 Hz reference. Two of 485 these animals, plus an additional naive animal, were trained on the 260 Hz reference. 486
In each case, testing took place over 3 stages, in which the ferret's task remained the 487 same but a unique set of stimulus parameters was changed ( Fig. 3 and 4) , as outlined 488 below. Ferrets were allocated to the 260 and 707 Hz reference conditions based on 489 their availability at the time of testing. 490
Stage 1: Target sounds were tone complexes, containing all harmonics within 491 a broad frequency range (specified in Fig. 4B ). When an animal performed this task 492 >75% correct on 3 consecutive sessions, (32.8 ± 7.1 sessions from the beginning of 493 training; mean ± standard deviation; n = 4 ferrets), they moved to Stage 2. 494 harmonics as the standard, but whose phases were independently randomized in order 520 to reduce temporal envelope cues for pitch; and (4) "High Harmonics Random 521
Phase", which contained the harmonics present in "High Harmonics" stimuli, but with 522 randomized phases. The bandpass cutoffs for the probe stimuli were chosen so that 523 the "Low Harmonic", but not "High Harmonic", probes contained resolved harmonics 524 for ferret listeners. Each probe stimulus was presented on at least 40 trials for each 525 ferret, while the standard was tested on over 1000 trials per ferret. 526
Human psychophysical task 527
Human subjects were tested on a pitch classification task that was designed to be as 528 similar as possible to Stage 3 of ferrets' task (see above). Target F0s of 180 and 220 529
Hz were tested on 16 subjects. 530
In the psychophysical task, human listeners were presented with the same 531 classes of stimuli described above for ferrets. The frequency ranges included in the 532 probe stimuli are listed in Fig. 4B . Sounds were presented over headphones 533 (Sennheiser HD280) in a sound attenuated booth (Industrial Acoustics, USA). A 534 repeating reference pure tone (200 ms duration, 200 ms inter-tone interval, 60 dB 535 SPL) was presented at the start of a trial, and the subject initiated the target harmonic 536 tone complex (200 ms duration, 70 dB SPL) presentation with a keypress. Text on a 537 computer monitor then asked the subject whether the sound heard was the low or high 538 pitch, which the subjects answered via another keypress (1 = low, 0 = high). Feedback 539 was given on the monitor after each trial to indicate whether or not the subject had 540 responded correctly. Incorrect responses to the standard stimuli resulted in 541 presentation of a broadband noise burst (200 ms duration, and 60 dB SPL) and a 3 s 542 timeout before the start of the next trial. Error correction trials were not used for 543 human subjects, as they did not have strong response biases. Standard harmonic 544 27 complex tones were presented on 80% of trials, and the 4 probes ("Low Harmonics", 545 "High Harmonics", "All Harmonics Random Phase", and "High Harmonics Random 546
Phase") were presented on 20% of randomly interleaved trials. Feedback for probe 547 trials was always "correct", irrespective of listeners' responses. Humans were given 548 10 practice trials with the standard stimuli before testing, so that they could learn 549 which stimuli were low and high, and how to respond with the keyboard. Each probe 550 stimulus was tested on 40 trials for each subject, while the standard was tested on 680 551 trials per subject. 552 553 QUANTIFICATION AND STATISTICAL ANALYSIS 554
Psychophysical data analysis 555
Error correction trials were excluded from all data analysis, as were data from any 556 testing session in which the subject scored less than 60% correct on standard trials. T-557 tests and ANOVAs with an alpha of 5% were used throughout to assess statistical 558 significance, where the n indicates the number of subjects per group. Error bars in 559 Because humans produced higher percent correct scores overall than ferrets on 562 the behavioural task, we normalized probe scores against the standard scores when 563 directly comparing performance between species. The score of each species in each 564 probe condition was represented as: 565
Pnorm ai = (P ai -50) / (S a -50), 566
where Pnorm is the normalized probe score for species a on probe i, P ai is the percent 567 correct score for species a on probe i, and S a is the percent correct score of species a 568 on the standard trials. If the performance of species a is unimpaired for a given probe 569 stimulus i relative to the standard stimulus, then Pnorm ai will equal 1. If the listeners 570 are completely unable to discriminate the F0 of the probe, then Pnorm ai = 0. 571
The data and custom software developed in this manuscript are available on 572 the Dryad archive. 
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